Abstract. We have used, for the first time that we are aware of, the NASA/JPL Goldstone planetary radar to study the Earth's atmosphere. With its high bandwidth and power, we were able to achieve a height resolution of 20 m, which is significantly better than the usual 150-m resolution for stratospheric radars. Here we discuss the observation of a very thin scattering layer that persisted over several hours at the same height just above the tropopause. We question the assumption of turbulent radar scatter based on the available evidence, and also investigate the two-minute oscillation observed in the vertical velocity.
Introduction
One of the outstanding scientific problems in middle atmosphere dynamics is the role that stratospheric turbulence plays in the vertical transport of minor constituents such as ozone, water vapor,•aerosols, and pollutants from volcanic eruptions and supersonic jet planes. Because the turbulence occurs in extremely thin layers (due to the high convective stability of the stratosphere), it has been difficult to observe its detailed structure. A stratosphere-troposphere (ST) radar typically has a range resolution of 150 m, but stratospheric turbulence often has finer-scale features of the order of tens of meters.
To overcome the range-resolution problem the Arecibo bistatic S-band planetary radar with its capacity for very fast phase modulation was used to study the stratosphere [Woodman, 1980; Ierkic el al., 1990 ].
However, that system is currently not in operation.
We have applied the same technique and used, for the first time that we are aware of, the NASA/Jet Propul- A serious drawback of this bistatic geometry is the shallowness of the intersection volume at stratospheric heights. The narrowness of the antenna beams (a nearfield pencil beam for DSS-14 and a diverging beam for DSS-12) and the 21.6-km baseline combined to yield a common volume with a depth of only about 300 m at 18 km altitude. Thus the antennas had to be scanned up and down to cover a wider range of heights. A receiving antenna adjacent to the transmitting antenna was available, which would have provided a much improved simultaneous altitude coverage, but the direct spillover of power was deemed so great that it would overwhelm any backscattered signal from the atmosphere.
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Data
The experiment on which we report was conducted on 25 August 1995, beginning at 0600 UT and lasting until 1300 UT. During the first 100 minutes of the experiment we moved the common bistatic volume between about 17 and 18 km in altitude and discovered thin scattering layers at several heights. After this we fixed the antennas at one elevation angle and were able to observe one particular layer for the remainder of the time (Figure 1 ). The top panel is a color-scale map of the backscattered signal-to-noise ratio (SNR); each time slice has been self-normalized to bring out the peaks in the signal. At the beginning of the plot there is a layer at 17.7 km that soon descends as another layer comes down into the frame; this latter layer remarkably remained within the same 300-m height window for the rest of the experiment (about 4.5 hours). Note that the layer appears to split in two at around 250 minutes and 300-330 minutes. Because the plot is self-normalized, changes in the absolute SNR with time can be discerned by the variation in the level of signal outside the scattering layer--higher power outside corresponds to lower peak signals. Also because the intersection of the two antenna beams does not yield a uniform gain over the entire volume, the lower SNR away from the center of the common volume may be due to loss of gain; for example, the lower absolute SNR around 300 minutes is likely due to this effect because the scattering layer at that time is near the bottom of the common volume.
The vertical velocity as measured by the first moment of the Doppler velocity spectrum was very uniform with height across the scattering layer. Thus, we display the height-integrated vertical velocity in the bottom panel of Figure 1 . In regions where the velocity oscillated with significant amplitude, the scattering layer undulated up and down in sync, suggesting that the layer was advected by the vertical winds. Of special interest is the rapid oscillation around 220 minutes that has a period of about 2 minutes, which can also be observed in the frequency-domain power spectrum of the velocity fluctuations (Figure 2 ). The large, isolated peak that is at a higher frequency than the Brunt-Vgisgl/i cutoff corresponds to a period of 2 minutes.
We also have rawinsonde data from Desert Rock, Nevada., which provided us with temperature and horizontal wind profiles at 0000 and 1200 UT on the same day. Desert Rock is about 150 km northeast of Goldstone and was the nearest, regularly launching site for The two-minute oscillation was also an intriguing feature. However, without additional information we cannot draw any firm conclusions regarding its origin. Simply being able to observe a wider range of heights simultaneously would be of great help, since wavelike (or otherwise) characteristics should be discernible in the vertical variation of the oscillation. With the assistance of JPL engineers we hope to devise a scheme for doing just that in the future. Note also that we only explored a very small altitude region in this experiment. In the future we hope to look further above into the stratosphere and below into the troposphere to study other interesting phenomena.
